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doi:10.1016/j.jfma.2011.11.008Background/Purpose: Occupational dermatitis among cement workers is a major occupational
health concern. The two most important occupational hazards for cement workers are irritant
and allergic cement contact dermatitis. The objective of this study was to investigate the
severity of occupational cement contact dermatitis and the common allergens among cement
workers in Taiwan.
Methods: A total of 97 cement workers from the Cement Workers’ Association of Tainan City
and County participated in this study. A structured questionnaire was used to evaluate the
demographic data and work-related activities of these cement workers. A complete skin exam-
ination was conducted, and skin manifestations were assessed by a dermatologist. Allergens
from European Standard Tray (Chemotechnique Diagnostic AB, Sweden) with a total of 25
substances were used for patch testing.
Results: Our results showed that 65 out of 97 cement workers were suffering from occupational
cement hand contact dermatitis. The most affected skin area was the hand. Thickening of the
dorsal surface of the hand, especially around the metacarpophalangeal joint area, and hyper-
keratosis of the palm were the major skin manifestations. The results of the patch test showed
that 24 out of 97 were allergic to potassium dichromate, nine were allergic to thiuram mix, nine
were allergic to fragrance mix and seven were allergic to cobalt chloride. The final diagnosis,
based on the results of the skin examination and the patch test, showed that 43 of 97 cement
workers had irritant cement contact dermatitis and 22 had allergic cement contact dermatitis.of Public Health, School of Public Health, China Medical University, 91 Hsueh-Shih Road, Taichung
edu.tw (T.-C. Chou).
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776 B.-J. Wang et al.Conclusion: We conclude that occupational cement hand dermatitis among cement workers is
an important and severe issue in Taiwan, and the most common allergens among cement
workers are potassium dichromate, thiuram mix, fragrance mix and cobalt chloride. The high
positive rate of chromium hypersensitivity among cement workers reflects the urgency to regu-
late the addition of ferrous sulfate to cement in Taiwan.
Copyright ª 2011, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Skin in contact with cement has been associated with irri-
tant cement contact dermatitis and allergic cement
contact dermatitis.1 Cement contains the following
substances: silicon dioxide (SiO2), aluminium oxide (Al2O3),
iron oxide (FeO3), magnesium oxide (MgO), sulfur dioxide
(SO2) and calcium oxide (CaO). When calcium oxide comes
into contact with water, it becomes calcium hydroxide
(Ca(OH)2), which is a highly alkaline substance, with a pH
value of 11e13. It is a very strong irritant to the skin, and
may sometimes produce skin erosion and even skin
necrosis.1 The common allergens affecting cement workers
are: epoxy resin, colophony, formaldehyde, nickel, rubber
gloves and cobalt, but the worst offender is hexavalent
chromium.2 Cement workers’ hands are regularly in contact
with cement, so once they suffer from hand contact
dermatitis as a result of exposure to cement, they are
susceptible to recurrence and complete recovery is very
difficult,3 which may compromise their work efficiency. The
necessity to frequently visit a physician makes them lose
work time too.4 A previous study in Taiwan showed that
16.5% of male and 7.2% of female cement workers devel-
oped chromium hypersensitivity as a result of cement
exposure.5 The objectives of our study were to investigate
the severity of occupational cement contact dermatitis and
the common allergens among cement workers in Taiwan.Table 1 Demographic characteristics of cement workers.
Age groups
(years)
No. of
males (%)
No. of
females (%)
20e29 7 (7.2%) 0 (0%)
30e39 9 (9.3%) 0 (0%)
40e49 23 (23.7%) 6 (6.2%)
50e59 19 (19.6%) 18 (18.6%)
60e69 11 (11.3%) 4 (4.1%)
Total 69 (71.1%) 28 (28.9%)
Age (mean  SD) 47.0  10.8 54.1  6.3
Duration of being
a cement worker
(years)
26.9  11.4 28.2  9.3Materials and methods
We studied members of the Cement Workers’ Association of
Tainan City and County and 97 cement workers were
recruited. A complete skin examination was conducted and
skin manifestations were assessed by a dermatologist
through symptom questionnaire and physical examination.
Photographs of hands were taken during the examination
for further review. Dermatitis was diagnosed if erythema,
maculopapules, hyperkeratosis, and/or skin thickening
were present. The European Standard Tray (Chemo-
technique Diagnostic AB, Sweden) with 25 substances,
including potassium dichromate of 0.5% in petrolatum, was
used. The testing agents were applied to Finn chambers
(Epitest Ltd, Helsinki, Finland), which were fixed to the
upper back with Scanpor tape then secured by 3 M tape.
The patches were removed after 48 hours and the sites
were examined for evidence of reaction. The sites were re-
examined at 72 hours by the same dermatologist. The
reading at 72 hours was considered positive if the skin
reaction was equal to or greater than erythema and infil-
tration, possibly with papules and vesicles. All individualssigned an informed consent form before undergoing the
skin examination.
Four dermatitis terms used in this study were defined as:
(1) Cement dermatitis: cement dermatitis was diagnosed if
erythema, maculopapules, hyperkeratosis, and/or skin
thickening were present; (2) Allergic cement contact
dermatitis: cement dermatitis with a concomitant chro-
mium hypersensitivity; (3) Irritant cement contact derma-
titis: cement dermatitis without a concomitant chromium
hypersensitivity; and (4) Chromium hypersensitivity:
a positive patch test to potassium dichromate.1Results
A total of 97 cement workers completed the skin examina-
tion and patch test. The mean age of the cement workers
was 47.0 for males, and 54.1 years for females; overall,
83.5% of the cement workers were over 40 years old. The
mean duration of having been a cement worker was 26.9
years for the males, and 28.2 years for the females
(Table 1). In addition, 27.8% of cement workers were
smokers and 36.1% drank alcohol. Only 23% of the males
always used protective gloves during work, while 38% used
gloves occasionally or never. However, 86% of the females
always used gloves during work while only 4% used gloves
occasionally or never (data not showed). Skin examination
showed that the hands were the most affected area. A total
of 65 out of 97 cement workers had hand cement contact
dermatitis, whereas the forearm (seven workers), wrist
(five workers), nail (five workers) and other skin areas (10
workers) were affected less often. The skin examination
highlighted two important results. There was thickening of
the skin over the dorsal surface of the hand, especially near
the metacarpophalangeal joint, and hyperkeratosis over the
Table 2 Skin manifestations of cement workers.
Symptoms Positive (%) Severity
(þ) (þþ) (þþþ)
Thickened/lichenified 63 (64.9%) 32 (33.0%) 25 (25.8%) 6 (6.2%)
Hyperkeratosis 58 (59.8%) 32 (33.0%) 26 (26.8%)
Scaling 34 (35.1%) 30 (30.9%) 4 (4.1%)
Dryness 32 (33.0%) 29 (29.9%) 3 (3.1%)
Erythema 25 (25.8%) 23 (23.7%) 2 (2.1%)
Fissure 20 (20.6%) 14 (14.4%) 5 (5.2%) 1 (1.0%)
Pigmentation 14 (14.4%) 13 (13.4%) 1 (1.0%)
Vesicles/papules 13 (13.4%) 8 (8.2%) 5 (5.2%)
Itching 5 (5.2%) 2 (2.1%) 3 (3.1%)
Scratch 3 (3.1%) 2 (2.1%) 1 (1.0%)
Edema 2 (2.1%) 1 (1.0%) 1 (1.0%)
Erosion 2 (2.1%) 1 (1.0%) 1 (1.0%)
Ulceration 1 (1.0%) 1 (1.0%)
Occupational hand dermatitis in cement workers 777palm. Other significant manifestations included erythema,
scaling, dryness and hyperpigmentation (Table 2).
The patch test results showed that 24 out of 97 cement
workers were allergic to potassium dichromate, nine were
allergic to thiuram mix, nine were allergic to fragrance mix,
and seven were allergic to cobalt chloride. Other minor
allergens included nickel sulfate (four cement workers),Table 3 Findings of the patch test for cement workers.
No. of cement workers
Allergens
1 Potassium dichromate (0.5% in petrolatum)
2 4-Phenylenediamine base
3 Thiuram mix
4 Neomycin sulfate
5 Cobalt chloride
6 Benzocaine
7 Nickel sulfate
8 Clioquinol (Chinoform, Vioform)
9 Colophony
10 Paraben mix
11 N-Isopropyl-N-phenyl-4-phenylenediamine
12 Wool alcohols
13 Mercapto mix
14 Epoxy resin
15 Balsam Peru
16 4-tert-Butylphenol formaldehyde resin
17 Mercaptobenzothiazole (MBT)
18 Formaldehyde
19 Fragrance mix
20 Sesquiterpene lactone mix
21 Quaternium 15 (Dowicil 200)
22 Primin
23 ClDMe-isothiazolinone (Kathon CG,100 ppm)
24 Budesonide
25 Tixocortol-21-pivalate
F Z female; M Z male.Vioform (two cement workers) and colophony (two cement
workers) (Table 3).
The skin examination and patch test results showed that
43 out of 97 cement workers had irritant cement contact
dermatitis and 22 had allergic cement contact dermatitis
(Table 4), reflecting a severe occupation-related hazard
among cement workers.97/69/28 (Total/M/F)
Positive case
(Total/M/F)
Positive percentage (%)
(Total/M/F)
24/23/1 24.7/23.7/1.0
0 0.0/0/0.0
9/6/3 9.3/6.2/3.1
0 0.0/0/0.0
7/5/2 7.2/5.2/2.1
0 0.0/0/0.0
4/0/4 4.1/0/4.1
2/2/0 2.1/2.1/0
2/0/2 2.1/0.0/2.1
1/1/0 1.0/1.0/0.0
0 0.0/0/0.0
0 0.0/0/0.0
1/1/0 1.0/1.0/0
1/1/0 1.0/1.0/0
1/1/0 1.0/1.0/0
0 0.0/0/0.0
1/1/0 1.0/1.0/0
0 0.0/0/0.0
9/5/4 9.3/5.2/4.1
0 0.0/0/0.0
0 0.0/0/0.0
0 0.0/0/0.0
1/1/0 1.0/1.0/0
0 0.0/0/0.0
0 0.0/0/0.0
Table 4 Skin diseases diagnosed among cement workers.
No. of cement workers 97/69/28 (Total/M/F)
Skin examination results Case
(Total/M/F)
Percentage (%)
(Total/M/F)
Irritant cement contact
dermatitis
43/37/6 43.3/38.1/5.2
Allergic cement contact
dermatitis
22/22/0 22.7/22.7/0.0
Allergic contact dermatitis
(not related to cement)
2/1/1 2.1/1.0/1.0
Normal skin with positive
patch reaction
11/2/9 12.4/2.1/10.3
Normal 19/7/12 19.6/7.2/12.4
F Z female; M Z male.
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In this study 83.5% of cement workers were over the age of
40 years (Table 1). The mean duration of being a cement
worker was around 27 years, which is approximately 10
years longer than reported previously by Guo et al.5 The
location of affected skin was predominantly the hand,
which was strongly consistent with previous observations.5
The most common skin manifestation among cement
workers was thickening of the skin over the dorsal surface
of the hand (64.9%), as well as hyperkeratosis over the palm
(59.8%) (Table 2). Further significant manifestations
included scaling (35.1%), erythema (25.8%), dryness (33%),
fissure (20.6%) and hyperpigmentation (14.4%).
Previous studies in Europe and the USA have shown that
the prevalence rate of chromium hypersensitivity among
cement workers is around 4e5%.6,7 However, some coun-
tries show a very high prevalence rate, for example Taiwan
13%,5 Poland 23%8 and Singapore 40%.9 In this study, the
positive rate of chromium hypersensitivity among the
cement workers was as high as 24.5% (Table 3). Participants
who already suffered from hand cement contact dermatitis
would have been eager to take part in this study, and this
would seem to explain the higher positive rate of chromium
hypersensitivity. Nonetheless, since our study showed that
the majority of cement workers have remained in their
profession, we expect that continuous long-term exposure
may account for the higher positive rate of chromium
hypersensitivity found.
In addition, the previous study5 reported the sensitiza-
tion rate to thiuram mix to be only 2.1%, and fragrance mix
6.6%. Our study, however, showed the sensitization rates of
thiuram mix and fragrance mix to have increased to 9.2%.
When cement workers suffer from hand cement contact
dermatitis, they are motivated to begin wearing protective
rubber gloves while at work. Unfortunately, these gloves
contain thiuram mix which will induce allergic hand contact
dermatitis. Therefore, we suggest only gloves free from
thiuram mix should be worn. Another unique finding is that
cement workers have a higher sensitivity to fragrance mix.
Fragrance mix includes eight ingredients: cinnamic alcohol,
cinnamic aldehyde, hydroxycitrinellal, amylcinnam alde-
hyde, geranil, eugenol, isoeugenol and oakmoss absolute.All of these fragrances might be contained in hand-cleaning
agents or protective hand creams. Cement workers are
encouraged to use protective hand creams to prevent their
hands from damage. However, because of the high preva-
lence of fragrance mix allergy in our findings, only
fragrance-free hand-cleaning agents and protective hand
creams are recommended. Our study also showed that
cement workers with chromium hypersensitivity were pre-
disposed to exhibit allergic reactions to cobalt chloride.
This finding was consistent with previous studies.5,10
The prevalence of chromium hypersensitivity in the
general population is on average less than 1%.6,11 This means
that the prevalence of chromium hypersensitivity among
cement workers in Taiwan is 10e20 times more than that of
the general population. So it is urgent and important to find
effective preventative methods or regulations to reduce the
high prevalence of chromium hypersensitivity among cement
workers in Taiwan. Many strategies have been proposed to
prevent chromium hypersensitivity in cement workers,
including the use of protective gloves to prevent direct hand
contact with cement,10 the use of protective barrier cream,
such as ascorbic acid cream12 and the addition of ferrous
sulfate to cement.13 Theaddition of ferrous sulfate to cement
was proven to be an effective way to reduce chromium
hypersensitivity.14 It was found that in most countries the
soluble hexavalent chromium concentration in cement was
10e20 ppm.15 In a previous study in Taiwan, the soluble
hexavalent chromium concentration in cement was
0.04e19.5 mg/g, and 78% of cement samples contained
a concentration of hexavalent chromium higher than 2 mg/
g.16 This concentration is much higher than the minimum
amount required to induce chromium hypersensitivity. A
previous study has shown that reducing the hexavalent
chromium level of cement to below 2 ppm can effectively
prevent the induction of chromium hypersensitivity.14
Another study showed that the addition of ferrous sulfate to
cement can reduce the hexavalent chromium level of cement
to below2ppm,13 thus effectively preventing the inductionof
chromium hypersensitivity.14 However, there is no such
regulation in Taiwan.Wewould strongly recommend that this
important regulation be established urgently in Taiwan to
protect cement workers from chromium hypersensitivity.
Selection bias is difficult to avoid in these types of field
studies. The only selection criterion in this study was that
volunteers be members of the Cement Worker’s Association
of Tainan City and County. While it is understandable that
those already experiencing skin problems are more eager to
volunteer for this study compared to those with no skin
problems, another important factor for consideration is the
healthy worker effect, where severe skin illness could
cause cement workers to quit their job. Our data showed
that only 16.5% of cement workers were under the age of 40
years. This suggested that the younger cement workers
with skin problems had probably given up the occupation.
So, although selection bias can occur, this study reflected
the severity of occupational cement contact dermatitis and
high positive rate of chromium hypersensitivity in cement
workers in Taiwan.
We conclude that occupational cement hand dermatitis
among cement workers is an important and severe issue in
Taiwan and the most common allergens are potassium
dichromate, thiuram mix, fragrance mix and cobalt
Occupational hand dermatitis in cement workers 779chloride. We recommend the addition of ferrous sulfate to
cement, and the use of gloves without thiuram mix, to
prevent occupational hand dermatitis in cement workers.
Acknowledgments
The authors sincerely thank the workers and employers for
their participation and cooperation. This investigation was
supported by a grant from the Bureau of Labor Insurance,
Executive Yuan of Taiwan, Republic of China, and a grant
from China Medical University (Grant number: CMU 96-203).
References
1. Avnstorp C. Cement eczema. An epidemiological intervention
study. Acta Dermato-Venereol Supple 1992;179:1e22.
2. Marks JG, Elsner P, DeLeo V. Contact and occupational
dermatology. Missouri, USA: Mosby Inc.; 2002. 344e346.
3. Fregert S. Occupational dermatitis in a 10-year material.
Contact Dermatitis 1975;1:96e107.
4. Breit R, Turk RB. The medical and social fate of the dichromate
allergic patient. Br J Dermatol 1976;94:349e50.
5. Guo YL, Wang BJ, Yeh KC, Wang JC, Kao HH, Wang MT, et al.
Dermatoses in cement workers in Southern Taiwan. Contact
Dermatitis 1999;401:1e7.
6. Nielsen NH, Menne T. Allergic contact sensitization in an
unselected Danish population. The Glostrup Allergy Study,
Denmark. Acta Derm Venereol 1992;72:456e60.7. Shelnutt SR, Goad P, Belsito DV. Dermatological toxicity of
hexavalent chromium. Crit Rev Toxicol 2007;37:375e87.
8. Kiec-Swierczynska M. Occupational dermatoses and allergy
to metals in Polish construction workers manufacturing pre-
fabricated building units. Contact Dermatitis 1990;23:
27e32.
9. Goh CL, Gan SL, Ngui SJ. Occupational dermatitis in a prefab-
rication construction factory. Contact Dermatitis 1986;15:
235e40.
10. Uter W, Ru¨hl R, Pfahlberg A, Geier J, Schnuch A, Gefeller O.
Contact allergy in construction workers: results of a multifac-
torial analysis. Ann Occup Hyg 2004;48:21e7.
11. Hostynek JJ, Maibach HI. Chromium in US household bleach.
Contact Dermatitis 1988;18:206e9.
12. Bradberry SM, Vale JA. Therapeutic review: is ascorbic acid of
value in chromium poisoning and chromium dermatitis? J Tox-
icol e Clin Toxicol 1999;37:195e200.
13. Fregert S, Gruvberger B, Sandahl E. Reduction of chromate
in cement by iron sulfate. Contact Dermatitis 1979;5:
39e42.
14. Avnstorp C. Prevalence of cement eczema in Denmark before
and since addition of ferrous sulfate to Danish cement. Acta
Dermato-Venereol 1989;69:151e5.
15. Stern AH, Bagdon RE, Hazen RE, Marzulli FN. Risk assessment of
the allergic dermatitis potential of environmental exposure to
hexavalent chromium. J Toxicol Environ Health 1993;40:
613e64.
16. Hsieh CM, Pan CH, Shih TS. Quantitative determination of
chromium, cobalt and nickel in domestic cement. Taiwan:
Institute of Occupational Safety and Health. Bureau of Labor
Insurance; 1997. pp. 1e67.
